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DIE HEAD AND PROCESS TO
MANUFACTURE MULTILAYER TUBULAR
FILM

FIELD OF THE DISCLOSURE

The disclosure relates to a die head to manufacture
multilayer tubular film from thermoplastic polymer as well
as a process to manufacture a multilayer tubular film from
thermoplastic polymer.

BACKGROUND

Industrially manufactured plastic film usually has a thick-
ness of a few micrometres up to several hundred microme-
tres and consists ol one to eleven separate layers whose
individual thickness, generally speaking, 1s not less than one
micrometre. Recent findings show that individual layers of
less than one micrometre 1n thickness improve the properties
of coextrusion film. Such nanolayer film 1s already known
from the sector of cast extrusion. On the sector of blown film
extrusion, there was up until now no extrusion die head
available that was suitable for series production for the
cost-eflective manufacture of high-grade nanolayer film.

Die heads to manufacture tubular film are already known.
Their job 1s to distribute the melt supplied to them from one
or more extruders mto an annular melt stream and to route
it to the ring-shaped die of the die head.

A die head consists of a central mandrel surrounded by a
housing. There are annular slits between the housing and the
mandrel through which the melt 1s transported to the ring-
shaped die. The die head 1s equipped with a melt feed
system, a predistributor which divides the fed melt stream
into several individual melt streams, one or more distribu-
tors which distribute the melt uniformly 1n the annular slits
and to the ring-shaped die as well as the ring-shaped die
itsell from which the molten tube 1s discharged.

There are basically two different designs of distributors,
1.€. the axial distributor in conical or cylindrical form and the
radial distributor—also known as a plate distributor.

A TIrequently used die head concept 1s the axial spiral
distributor, as disclosed 1n German patent DE 10 2004 151
Al. In this case, both distributor and melt merge zone are
arranged 1n axial direction, 1.¢. in the direction of extrusion.
With coextrusion die heads, the cylindrical or conical axial
spiral distributors are arranged concentrically to each other
and to the mandrel. These have spiral grooves which dis-
tribute the melt uniformly 1n the annular slits. The melt
strands from the individual annular slits are merged
upstream of the ring-shaped die and exit this as a molten
tube. Axial spiral distributors are characterised by their
pressure stability and dimensional accuracy.

Another die head concept 1s the radial or plate distributor.
Here, distributor plates are arranged on top of one another
around the mandrel of the die head. The radially arranged
distributor usually exhibits the shape of a spiral. It distrib-
utes the melt strands and routes them into an annular slit
between mandrel and distributor. The different melt streams
are routed to the annular slit one after the other. This routes
the melt to the ring-shaped die. The melt exits the ring-
shaped die in the form of a molten tube.

The radial spiral distributor has a spiral geometry which
1s arranged vertically to the direction of extrusion in order to
produce a seamless and homogeneous molten tube. By
switching several radial spiral distributors in series, it 1s
fairly easy to unite a number of melt flows to form one
multilayer melt flow. A radial spiral distributor 1n the form

10

15

20

25

30

35

40

45

50

55

60

65

2

of a radial plate die 1s known from German patent DE 10 059
306 C1 where the melt 1s introduced from the outside and
flows radially to the inside.

A die head 1s known from patent EP 2 873 508 A1 which
in addition to an axial spiral distributor, also has a down-
stream radial distributor.

By generating many nanolayers, the properties of the film
produced can be improved 1n a targeted manner. Examples
are the improved barrier eflect or the better thermoforming
properties. In order to also exploit the advantages of these
so-called nanolayers on the sector of blown film extrusion,
a number of possible solutions have already been suggested.

Patent EP 2 639 038 Al discloses a die head with plate
distributor to manufacture film with a nanolayer structure.
This die head 1s made of machined and stacked metal sheets
to produce thin layers.

By stacking many especially manufactured metal sheets,
it 1s possible to obtain three-dimensional inside contours
inexpensively. However, dictated by the thickness of the
metal sheets, 1t 1s not possible 1n this way to produce a
high-grade surface of the film 1n extrusion direction. Under-
cuts and dead spots 1n the melt channel cannot be avoided.
Over and above this, thin metal sheets have a tendency to
warp. Together with the normally high pressures which are
known with the plate distributor to act 1n extrusion direction,
this design concept nudges 1ts limits with respect to output
rate and service life.

The system has predistributor holes of equal width and
identically thick metal sheets, which leads to an undefined
layer thickness distribution 1n the manufactured multilayer
tubular film.

In German patent DE 10 2016 012 388 Al, a die head and
dedicated process to produce multilayer tubular film 1s
disclosed which presents a radial distributor made up of
several plates, whereby the plates are thin-layer distributor
plates whose distribution plate outlet at the peripheral edge
1s a maximum of 0.75 mm in height.

In patent EP 2 326 481 Bl, a die head with radial
distributor and a dedicated process to produce multilayer
tubular film 1s disclosed which combines distributor plates
of customary thickness with micro-layer distributor plates.
To this end, first of all the thin melt layers are merged one
alter the other and these are then combined with thicker
layers. In the case of this die head, the distributor outlet of
the micro-layer distributor 1s between 0.508 mm and 2.54
mm 1n height.

Because 1t allows small melt volumes and short flow
paths, a plate distributor stack i1s extremely suitable for the
production of thin melt layers. Thanks to the immediate
amalgamation of the melt flows after exiting the distributor
melt channel, the normal path through the merging zone
common with axial distributors 1s not necessary. This means
that sufliciently high flow rates can be realised even 1f the
melt throughput 1s small. A disadvantage of plate distributor
coextrusion 1s that the common flow path of the polymer
melts 1s comparatively long. It 1s known that polymers can
develop flow inhomogeneity 1f the common flow paths are
long, and this ultimately has a negative influence on the
layer thickness distribution. It 1s also known that 1T the
common tlow paths are long, sensitive polymers can become
damaged by the associated thermal and material exchange
processes. These eflects occur primarily if the individual
layers are not thick and they have large interfaces and long

common flow paths.

SUMMARY OF THE DISCLOSURE

One aspect of the disclosure relates to a solution which
combines the advantages of axial distributors and radial
distributors 1n one die head.
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In an embodiment, a die head includes distributors with at
least one distributor being an axial distributor and at least
one distributor being a plate distributor, whereby the plate
distributor 1s located 1n an annular element of the axial
distributor upstream of the melt merge zone to the ring-
shaped die.

In accordance with the disclosure, a die head with axial
distributor 1s provided as the basis. In this case, one or
several melt channels are not fed with melt via an axial
distributor but rather by a radial distributor—also called a
plate distributor. To this end, one or several distributor plates
are grouped together to form a plate distributor stack and
integrated into the die head such that they feed the melt
channel instead of the spiral of the axial distributor.

The layer structure in the plate distributor stack can be
adapted regarding thickness and type of melt supplied to suit
the specific application 1n hand. The plate distributor stack
1s fed from one or several extruders, preferably two extrud-
ers. For example, when feeding a multilayer plate distributor
stack with two extruders, an alternating layer structure 1s
achieved. The layer flows generated with the aid of the plate
distributor stack are merged one after the other and are then
subsequently merged 1n extrusion direction with the melt
streams from the axial distributor. The merging of the melt
streams can take place simultaneously or consecutively.
They are then routed to the ring-shaped die. The melt 1s
routed to the die head via one or more melt feed units.

In one design according to the disclosure, the height of
every melt channel of the plate distributor 1s less than the
width of every melt channel of the axial distributor.

The melt layers formed 1n the axial distributors can be of
the same or diflerent material. The layers can be of the same
or different thickness. To this end, the melt 1s routed to the
die head via one or more melt feed units.

The number of layers in the plate distributor can vary
between 1 and 30 and more, whereas the number of layers
in the axial distributor 1s between 1 and 11. Notwithstanding
this, a higher number of layers can be selected. The 1ndi-
vidual layers from both distributors can comprise one mate-
rial or diflerent matenals.

Dependent on the film being produced, the plate distribu-
tor stack can be located at the outside or inside melt channels
or at channels in between. To this end, the corresponding
annular element with axial spiral in the die head 1s replaced
by a component with plate distributor. This leads to the
formation of film structures where the inside nanolayer
structure 1s either on the outside or the inside of the tubular
f1lm.

In one design according to the disclosure, the die head has
two axial distributors between which a melt channel with
plate distributor is located.

The die head can also be equipped with several plate
distributor stacks. They are operated either 1n series or 1n
parallel.

In series operation, several plate distributor stacks in
extrusion direction are located downstream of a melt chan-
nel.

In parallel operation, plate distributor stacks are located at
two or more melt channels.

Parallel operation can also be combined with series opera-
tion.

In another design according to the disclosure, an axial
spiral distributor and a plate distributor stack are located one
above the other, whereby they both discharge their melt into
the same melt channel.

A plate distributor stack can also be located downstream
of the zone where the melt channels merge and can dis-
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charge 1ts melt directly upstream of the ring-shaped die into
the melt stream flowing 1n extrusion direction.

The melt flows in the plate distributor stack from the
predistributor to merge with the other melts 1n the melt
channel.

It can be radial from the 1nside to the outside or from the
outside to the inside.

For installation of the plate distributor stack in the die
head, first of all the plate distributor plates are clamped to
form a distributor plate stack by means of separable con-
nection elements such as bolted connections. This stack 1s
installed instead of an axial spiral 1n an annular element and
1s 1ntegrated concentrically into the die head.

One advantage of this solution 1s the comparatively
simple 1ntegration nto the existing and proven concept of
the axial distributor die head, which makes 1t possible to
transier the well-known advantages such as the pressure
stability of concentric axial distributors to the concept of
radial distributors.

Thanks to the comparatively simple exchange of just a
few components, existing axial distributor die heads can, for
example, be supplemented or retrofitted with one or more
layers from a plate distributor.

The annular element in which the plate stack 1s 1nstalled
1s 1n modular design and comprises a basic annular element,
the plate distributor stack and a mounting ring.

Thanks to this modular design, the plate distributor stack,
the predistributor and the melt merge zone between the
predistributor and plate distributor stack can be easily
exchanged and adapted to suit the required type of film
regarding thickness, number and types of materials as well
as the number of layers.

The melt streams from the plate distributor stack are first
of all merged one aiter the other to form a single melt stream
and then merged with the melt streams from the axial
distributor. The melt streams can have a common or a
multi-stage melt merge zone. This 1s located 1n tlow direc-
tion as close as possible to the die head outlet, the ring-
shaped die.

Long and shared flow paths of diflerent polymer melts 1n
contact with each other can lead to negative eflects on the
quality of the coextrusion film. Above all due to the high
ratio of surface to volume intentionally selected with thin
film, these layers can be susceptible to interface efifects. By
merging the melt streams 1n flow direction as late as pos-
sible, a maternal and thermal equilibrium of the layers can be
minimised. This involves, for example a compact merging of
the individual melt streams with the already developed
thin-1ilm block. In this way, 1t 1s possible to exploit a further
advantage of axial distributor technology for thin-film tech-
nology.

The merged melt layers from the plate distributor stack
can tlow 1nto the respective melt channel perpendicularly or
at an acute angle. The angle i1s preferably between 20° and
45°. Ideally, the angle 1s between 30° and 40°.

The large surface of the melt streams 1n the plate dis-
tributor 1n relation to the volume benefits the thermal
exchange between die head and melt and/or between the
individual melt layers, respectively. Dependent on the
selected processed polymer melts and the selected process
parameters, an undesirable thermal transier can complicate
the processing of the polymers and diminish the quality of
the film being produced. This can be prevented by means of
systematic temperature control or a thermal 1nsulation of the
clements 1n the distributor.

In one design according to the disclosure, the distributor
of the mside molten tube layer 1s located in the outside wall
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of the i1nside annular element, the mandrel, which delimits
the 1inside melt channel. In another design according to the
disclosure, the distributor of the outside molten tube layer 1s
located 1n the 1inside wall of the outside annular element, the
die head housing, which delimits the outside melt channel.
The distributor can thereby be an axial distributor or a radial,
1.e. plate, distributor.

Both designs can also be combined.

The axial distributor 1s preferably equipped with indi-
vidual inverted spirals, 1.e. the spiral 1s not located on the
outside of the annual element but rather on the inside. A
preferred design of the outside spiral 1n the housing wall 1s
as an inverted spiral. This prevents the formation of spiral
marks and thus increases the quality of the film.

In 1ntroducing the layers into the imnermost tubular film
layer, the plate distributor discharges 1nto the innermost melt
channel from the inside out. If on the contrary, the layers are
introduced into the outside tubular film layer, the plate
distributor discharges into the outermost melt channel from
the outside 1n.

In another design according to the disclosure, the cross-
sections 1n the plate distributor stack are selected such that
cach melt flow 1s subjected to a similarly high pressure drop
in the intended operating condition. Due to the rheologically
similar conditions that set 1n, a uniform layer distribution 1s
achieved. In another case, different layer thicknesses can be
produced 1n a targeted manner by specitying different pres-
sure drops. The geometric adjustments can be made, for
example, 1n the predistributor, 1n the feed from the predis-
tributor to the plate distributor channels, the distributor
geometry or the merging of the melt streams.

In a related process according to the disclosure, layers of
a multilayer film tube made of thermoplastic polymer are
manufactured both 1n an axial distributor and in a plate
distributor which discharges its melt into the melt channel of
the axial distributor.

The melt layers from an axial distributor are thereby
combined in the die head with melt layers from a plate
distributor.

The latter are merged one by one to form a layer structure
in the downstream melt channel. This merged melt stream 1s
then merged with the melt streams from the axial distribu-
tors. The melt streams from the plate distributors can also be
placed direct on a melt stream from the axial distributor.

Die heads with several plate distributors in series or
parallel operation are also possible.

In series operation, several plate distributor stacks are
located on top of each other at a melt channel.

In parallel operation, plate distributor stacks are located at
two or more melt channels.

Parallel operation can also be combined with series opera-
tion.

An axial spiral distributor and a plate distributor stack can
also be located one above the other which discharge their
melt into the same melt channel.

The combination of nanolayer technology with the advan-
tages of blown film extrusion offers great potential for the
cost-eflective and resource-conserving production of film
with 1improved properties and low thickness tolerance.

The die head concept proposed here bases on the proven
design of the axial spiral distributor and thereby combines

axial and radial designs 1n an effective way.

BRIEF DESCRIPTION OF THE DRAWINGS

Other details, features and advantages are also disclosed
herein and from the following description of the associated
drawings 1 which a preferred embodiment of 1s shown by
way ol example.
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The drawings show:

FIG. 1: A die head according to the disclosure;

FIG. 2: A die head with plate distributor in parallel
operation according to the disclosure; and

FIG. 3: A die head with plate distributor 1n series opera-
tion according to the disclosure.

DETAILED DESCRIPTION

In FIG. 1, a die head 1n a preferred embodiment 1s shown
in section.

The die head (1) combines an axial distributor with a plate
distributor. The die head (1) surrounds an 1nside cylindrical
mandrel (2). The mandrel (2) in this example 1s surrounded
by concentric annular elements (3, 4, 5, 6, 7), whereby the
outermost annular element (7) simultaneously constitutes
the housing. The mandrel (2) itself also constitutes an
annular element. Between the mandrel (2) and the inside
annular element (3), as well as between the individual

annular elements are ring-shaped dies, the melt channels (8,

9,10, 11, 12). The mandrel (2), the first (3) and the third
annular element (5) all exhibit a spiral (13, 14, 15) on their
outside cylindrical surface. The sixth annular element (7),

the housing, exhibits a spiral (16) on 1ts inside cylindrical
surface. The depth of the spirals (13, 14, 15, 16) decreases
towards the ring-shaped die (17). The second (4) and fourth
annular element (6) have no spirals but rather smooth
cylindrical surfaces. The third annular element (5) has a
plate distributor (18). On 1ts inside cylindrical surface, there
1s a recess to accommodate a plate distributor stack (21) and
it has a mounting ring (24). The plate distributor stack (21)
comprises several distributor plates (235) which constitute the
plate distributor stack (21) and the melt feed units (not
shown here). Plate distributor melt channels (26) are located
between these. The plate distributor (18) has a melt feeder
(not visible here), a spiral distributor, melt channels (26) and
melt outlets (27). The distributor plates (25) are connected to
cach other by means of a bolted connection or another
separable connection and are fixed on the mounting ring
(24). The plate distributor stack (21) with mounting ring (24)
1s then installed 1n the die head (1) with the third annular
clement (5), the base annular element. The plate distributor
stack (21) discharges 1ts melt streams from the plate dis-
tributor melt channels (26) one by one 1nto the melt channel
(10). The melt channels (8,9, 10, 11, 12) are united upstream
of the ring-shaped die (17) to form an annular slit.

The melt 1s transported by several melt feed units (28) 1into
the die head (1), and 1s then conveyed via different predis-
tributors (not shown here) to the start of the spirals (13, 14,
15, 16) and the plate distributor (18).

The melt 1s distributed uniformly by the axial distributor,
here an axial spiral distributor, over the circumierence of the
respective melt channels (8, 9, 11, 12) before being con-
veyed towards the ring-shaped die (17). Another melt stream
1s fed via a predistributor (not shown) to the plate distributor
stack (21) and 1s distributed in the same such that it
discharges as a uniform molten tube stream via the distribu-
tor outlets (27) into the melt channel (10). The plate dis-
tributor 1s thus located concentrically 1n the axial distributor.
In the melt channel (10), the melt streams from the indi-
vidual plate distributor melt channels (26) are united one
alter the other. This united melt stream 1s then united
consecutively with the melt streams from the melt channels
(8,9, 11, 12) before being routed to the ring-shaped die (17)
where the melt stream discharges as a multilayer molten
tube.
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Because the spiral discharge of the outside layers of the
molten tube, 1.e. the mside and outside layer, takes place
towards the centre of the molten tube, which subsequently
make contact with the melt of the other layers, a multilayer
film can be produced without streaks and corrugations.

If die head for multilayer tubular film of over 5 thick
layers 1s to be used, correspondingly more annular elements
are located between the outside rng element and the man-
drel. IT a die head for multilayer tubular film of less than 5
thick layers i1s to be used, correspondingly less annular
clements are located between the outside annular element
and the mandrel.

The plate distributor can also be adapted regarding the
number of layers by employing more or less plates.

FIG. 2 shows a die head (1) in parallel operation. In
comparison with the die head in FIG. 1, this die head (1) has
two plate distributors (18, 19). A plate distributor (18) 1s
located 1n the annular element (4), the associated plate
distributor stack (21) discharges the melt into the melt
channel (9). The second plate distributor (19) 1s positioned
in the annular element (5). The plate distributor stack (22) of
the distributor (19) discharges the melt into the melt channel
(10). This melt stream 1s then united consecutively with the
melt streams from the other melt channels (8, 9, 11) before
being routed to the ring-shaped die (17) 1n order to exit the
die head (1) as a molten tube.

FIG. 3 shows a die head (1) 1n series operation. It also has
two plate distributors (18, 20). The plate distributors (18)
and (20) are positioned on top of each other in the same
annular element (5). Both plate distributor stacks (21) and
(23) discharge their melt mto the same melt channel (10).
This united melt stream 1s then united consecutively with the
melt streams from the melt channels (8, 9, 11, 12) before
being routed to the nng-shaped die (17) 1n order to exit the
die head (1) as a molten tube.

LEGEND

1 Die head

2 Mandrel

2.3, 4,5, 6, 7 Annular elements
8.9, 10, 11, 12 Melt channels
13, 14, 15, 16 Spirals

17 Ring-shaped die

18, 19, 20 Plate distributors

21, 22, 23 Plate distributor stacks
24 Mounting ring

25 Distributor plates

26 Plate distributor melt channels
27 Plate distributor melt outlet
28 Melt feeder

The 1nvention claimed 1s:

1. A die head for producing a multilayer tubular film from

thermoplastic polymers, the die head comprising:

a mandrel surrounded by a plurality of annular elements;

at least one melt feeder;

a plurality of melt channels arranged concentrically
around a central axis of the die head, wherein the
plurality of melt channels are delimited by the mandrel
and the plurality of annular elements;

a ring-shaped die into which the plurality of melt channels
discharge; and

a plurality of distributors for distributing a melt from the
at least one melt feeder to the ring-shaped die;

wherein at least one of the plurality of distributors 1s an
axial distributor and at least one of the plurality of
distributors 1s a plate distributor, the plate distributor
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having a plurality of distributor plates with plate dis-
tributor melt channels located 1n between and arranged
in an annular element of the plurality of annular ele-
ments upstream ol where the melt merges into the
ring-shaped die and whereby the plate distributor is
delimited 1n a radial direction on a first side by a
respective melt channel to which the plate distributor
discharges and on a second opposite side by the annular
clement of the plurality of annular elements.

2. The die head of claim 1, wherein the plurality of
distributors includes plate distributors located at different
melt channels of the plurality of melt channels.

3. The die head of claim 1, wheremn the plurality of
distributors includes plate distributors located at a same melt
channel of the plurality of melt channels and configured
cither on top of or opposite each other.

4. The die head of claim 1, wheremn the plurality of
distributors includes plate distributors and axial distributors
located at a same melt channel of the plurality of melt
channels.

5. The die head of claim 1, wherein the annular element
of the plurality of annular elements with the plate distributor
arranged 1n the annular element of the plurality of annular
clements 1s designed 1n a modular way to comprise a base
annular element, a plate distributor stack, and a mounting
ring.

6. The die head of claim 1, configured such that merging
of the melt from the plate distributor melt channels into the
plurality of melt channels takes place at an acute angle.

7. The die head of claim 1, wherein the axial distributor
or plate distributor of an outside melt channel of the plurality
of melt channels 1s located at an inside wall of a housing.

8. The die head of claim 1, configured such that a layer
thickness distribution 1n the multilayer tubular film pro-
duced 1s set as a function of pressure drops in the axial
distributor and 1n the plate distributor.

9. The die head of claim 8, wherein the pressure drops are
set across cross-sections in the axial distributor and 1n the
plate distributor.

10. The die head of claim 9, configured such that adap-
tation of the cross-sections of the axial distributor and the
plate distributor for thickness and type of melt takes place in
at least one of a predistributor, a feed line from the predis-
tributor to axial and radial distribution channels of the
respective axial and plate distributors, a distribution geom-
etry, and a merging of melt streams.

11. The die head of claim 1, wherein the axial distributor
or the plate distributor of an inside melt channel of the
plurality of melt channels 1s located at an outside wall of a
mandrel of the die head.

12. The die head of claim 1, wherein the axial distributor
comprises at least one spiral on an outside cylindrical
surface or on an 1nside cylindrical surface of at least one
annular element of the plurality of annular elements.

13. A method for production of multilayer tubular film
made from thermoplastic polymers 1n a blown film line, the
method comprising providing the die head of claim 1,
forming at least one of the layers of the multilayer tubular
film from one or several layers 1n an axial distributor of the
die head of claim 1 and from one or more layers in a plate
distributor of the die head of claim 1, and discharging melt
from the plate distributor into the axial distributor.

14. The method of claim 13, further comprising operating
the plurality of distributor plates in parallel mode.

15. The method of claim 13, further comprising operating
the plurality of distributor plates in series mode.
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16. The method of claim 13, further comprising operating
the plurality of distributor plates 1n a combination of parallel
and series mode.
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